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In the southern portion of its range, sugar maple (Acer saccharum Marsh.) is primarily grown in commercial nurseries for use as ornamental planting stock. Unfortunately, nursery managers generally do not utilize proven nursery protocols for the production of highquality sugar maple seedlings (Carl, 1982) . The objective of this study was to examine progeny and shading effects and interactions on nursery seedling growth.
Materials and Methods
Experimental material was part of a larger study in which progeny were being grown in the nursery for subsequent use in a progeny test planting. Sugar maple seed were collected from two open-pollinated mother trees in Moore County, Tenn., in Oct. 1998. The mother trees were assumed to be genetically isolated and were separated by ≈150 m. The seed from each mother tree were collected within 2 weeks of each other when the majority of the samaras appeared to be ripe (Carl and Snow, 1971; Yawney and Carl, 1968) . The seed were fl oated in ethyl alcohol to separate the empty and fi lled samaras and empty samaras were discarded.
Nursery beds were located at a commercial nursery in Murphy, N.C. Before sowing and fertilization application, a composite soil sample of the nursery beds was collected and analyzed. Soil pH and percent organic matter were 6.5 and 1.2, respectively. The composition of P, K, and Ca in parts per million were 44, 93, and 567, respectively. Percent cation saturation was as follows: K, 3.7; Ca, 44.3; Mg 14.8; H 36.3 ; and Na 1.2.
Nursery beds consisted of a silt-loam composition. Before sowing, triple-super phosphate (0N-46P-0K), sulfate of potash magnesia (0N-22P-0K-22S-11Mg), gypsum (23Ca-16S), solubor (20.5B), and zinc sulfate (17.5S-35.5Zn) were applied at 644, 112, 1121, 5.6, and 28.0 kg·ha -1 , respectively. Ammonium sulfate (21N-0P-0K-24S) was applied every 10-14 d with application rates starting at 30 kg·ha -1 in mid-May. Rates increased by ≈ 5 kg·ha -1 with every application until the last application of 75 kg·ha -1 in late August. During the growing season, sulfate of potash magnesia was applied at 196 kg·ha -1 once in early July and once in mid-August. All fertilizer was applied by hand.
After separation of empty and fi lled samaras, seed were sown by hand at a density of 65 to 86/m 2 . Two seed plots, each consisting of 150 seed from each mother tree, were sown in Nov. 1998. Seed plots were separated by 0.9 m of empty bed space and the seed were covered with ≈0.6 cm of yellow-poplar (Liriodendron tulipifera L.) sawdust. One seed plot from each mother tree was completely covered on all sides with a 30% shade cloth after the seeds had germinated in late May, and the shade cloth was left over the plot until the end of the growing season in Oct. 1999. One seed plot from each mother tree was left unshaded. The seedlings were irrigated as necessary during the growing season.
The seed from mother tree 1 and mother tree 2 germinated at a rate of 75% and 93%, respectively. The causes of the differences in seed germination between the two mother trees is not known, but could be related to poor judgment in determining ripeness of seed.
The seedlings were lifted by shovel to a depth of 30.5 cm in Jan. 2000. After lifting, root collar diameter (RCD) and height were measured for each seedling. The RCD was measured 2.54 cm above the root collar using a digital caliper. Swelling often develops at the root collar, and a better estimate of seedling quality can be obtained by measuring slightly above the root collar (Kormanik, 1986; Ruehle and Kormanik, 1986) . Seedling height was measured from the root collar to the top of the terminal bud. The number of fi rst-order lateral roots (FOLR), defi ned as a suberized root stemming from the main tap root and at least 1 mm in diameter at the proximal end (Kormanik et al., 1989) , were counted on each seedling.
Progeny and shade effects and their interactions were analyzed as fi xed effects in a 2 × 2 factorial design using PROC MIXED (SAS Inst., 1990). The assumption of normality was checked by examining stem and leaf and box plots of the residuals using PROC UNIVARI-ATE. The FOLR data were transformed by adding one to the value and then calculating the square root. Differences among the least square means were generated using the PDIFF option. An error level of 0.05 was used to indicate signifi cant differences in all tests.
Results
Differences between progenies were signifi cant for all traits, except FOLR number (Table 1) . Progeny from mother tree 1 had signifi cantly larger mean RCD and taller mean height than progeny from mother tree 2. Shade effects were signifi cant for all traits, but the interaction between shade and progeny was signifi cant for FOLR number. Height and RCD were signifi cantly greater in shaded vs. full sun seed plots by 62% (14.6 cm) and 25% (1.4 mm), respectively. Progeny from mother tree 1 averaged 0.9 fewer FOLR, while progeny from mother tree 2 averaged two more FOLR under shade compared to full sun.
Discussion
The results agree with previous studies that found improved height in bulked seed stock of sugar maple grown under shade (Cunningham, 1965; Logan, 1965) . Sugar maple seedlings are highly susceptibility to solar radiation and water stress during the fi rst few years of development (Kriebel, 1957) , and shade may provide needed protection during a critical stage of development. Importantly, improvement in height growth due to shading did not appear to be a result of etiolation, as there was a simultaneous increase in RCD growth and FOLR number in progeny from mother tree 2. The interaction between shade and progeny on FOLR number indicates that genetic or unknown environmental infl uences were affecting root growth response to changes in light. Genetic differences may exist in how resources are allocated throughout the seedling in response to decreased light levels.
Increased replication of progeny and shade treatments would have been benefi cial for this study, but only limited experimental material existed when the experiment was initiated. Despite this weakness, the results indicate that shading should be studied more intensively as a nursery industry practice.
The constant fertilization regime used in this study likely accelerated seedling growth and allowed for discernment of shading effects.
Compared to previous studies, the seedlings grown without shade in this study were taller than 1-0 seedlings grown using traditional nursery practices (Carl and Yawney, 1977; Stoeckeler and Jones, 1957) and had similar height to seedlings grown using accelerated greenhouse methods (Wood and Hanover, 1981) .
